Background: Preserved insight into illness has been suggested to be predictive of outcome in patients with schizophrenia. We aimed to investigate the functional substrate underlying preserved insight in these patients. Methods: We recruited patients with paranoid schizophrenia and healthy controls matched for age and sex. Patients were grouped according to preserved or impaired insight into illness using the Scale to assess Unawareness of Mental Disorder (SUMD). Whole-brain technetium-99m ethyl cysteinate dimer single photon emission computed tomography regional cerebral blood flow was compared at the voxel level between the 2 groups using a statistical parametric map (voxel-level significance of p < 0.001, uncorrected; cluster level significance of p < 0.05, uncorrected). Results: We enrolled 31 right-handed patients with schizophrenia and 18 controls in our study. Twenty-one (67.7%) patients had preserved insight. The 2 groups did not differ significantly in demographic and clinical characteristics or in treatment. Compared with controls, the whole group of patients showed bilateral frontotemporal hypoperfusions, with no statistical difference between patients with preserved or impaired insight for these areas. Patients with preserved insight showed significantly increased perfusion of the bilateral precuneus relative to those with impaired insight. Limitations: Patients with subtypes other than paranoid schizophrenia have to be investigated to assess whether involvement of the precuneus in patients with preserved insight can be identified across the full spectrum of subtypes and symptoms of schizophrenia. Moreover, our study concerned only the central dimension (awareness of mental disorder) of 1 scale (SUMD); other dimensions of insight could be studied. Conclusion: Our results show that schizophrenia with preserved insight is associated with greater perfusion of the precuneus, a brain area known to be involved in self-consciousness, suggesting a compensatory mechanism of frontotemporal impairment.
Introduction
Lack of insight, particularly unawareness of mental disorder, affects 30%-50% of patients with schizophrenia. [1] [2] [3] [4] Resulting from metacognitive capacities, insight can be conceptualized as a self-representation: that is, not simply possessing a piece of knowledge, but rather, making narrative sense of one's condition. 5 As such, awareness of a mental disorder also in-cludes awareness of the need to take medication and of the social consequences of the mental disorder. 6 Impaired insight has been associated with disease severity, 7 cognitive deficits 8, 9 and with social and vocational functioning impairments. 8, 9 On the other hand, preserved insight has been suggested to be predictive of treatment outcome in patients with schizophrenia. 3, 10, 11 Preserved insight is linked in particular with improved adherence to treatment 12 and reduced risk of relapse and readmission to hospital. 13 Because improving awareness is a major objective of treating schizophrenia, understanding the neurobiological substrate underlying insight may serve to develop oriented neuropsychiatric treatment. [14] [15] [16] So far, studies have mainly used structural imaging, 15, [17] [18] [19] [20] [21] [22] [23] and more rarely functional imaging. 17, 24 Lack of insight in patients with schizophrenia frequently has been associated with impairment of the prefrontal cortex, 14, [18] [19] [20] tempor al areas [15] [16] [17] and precuneus. 15, 19 Interestingly, it has been suggested that a network associating these regions is involved in experiencing consciousness and self-awareness in healthy individuals. 25 , 26 Yet, studies on schizophrenia have specifically focused on impaired insight in correlation analyses 14 or in comparison studies between patients with impaired insight and healthy controls. 18, [20] [21] [22] Scarce data are available regarding the functional neural substrate of preserved insight in patients with schizophrenia. One functional magnetic resonance imaging (fMRI) study has reported a correlation between improved insight and activation of the left medial prefrontal cortex after recovering from an acute episode. 27 Technetium-99m ethyl cysteinate dimer single photon emission computed tomography (99mTc ECD-SPECT) is a valuable functional brain imaging tool to study regional cerebral blood flow (rCBF) in patients with a variety of psychiatric disorders, 23 including schizophrenia. [25] [26] [27] [28] In this study, we investigated the functional substrate underlying preserved insight in patients with schizophrenia in comparison with those with impaired insight and psychiatrically healthy controls using whole-brain 99mTc ECD-SPECT voxel-based statistical analysis of rCBF. Without any regional a priori hypothesis, differences between these distinct groups may either correspond to more functional brain abnormalities in patients with impaired insight, or possibly to functional compensation in patients with preserved insight.
Methods

Participants
We retrospectively collected data for patients with schizophrenia. The inclusion criteria were age older than 18 years, French native language, diagnosis of paranoid schizophrenia according to the DSM-IV-TR criteria confirmed through administration of a Structured Clinical Interview, 29 stable disease (i.e., no need for hospital admission at inclusion, no major change in the patients' condition for 2 months before inclusion) 30 and outpatient status. The last 2 criteria were selected to include patients with mild disease severity, thus facilitating the recruitment of patients with preserved insight. To increase the homogeneity of our sample, we decided to include patients with paranoid schizophrenia only. Exclusion criteria were psychiatric diagnosis other than paranoid schizo phrenia on Axis I of the DSM-IV-TR, decompensated organic disease and mental retardation.
We also included psychiatrically healthy controls similar to patients in age and sex. Controls had to be free of neurologic/ psychiatric disease and cognitive complaints, and they had to have a normal brain MRI scan. They were screened for anx -iety and depression using the Anxiety and Depression Hospital Scale (subscores < 8). 31 The local ethics committee approved investigations (registration number of clinical trial: NCT00484523). Our research was conducted in accordance with the Declaration of Helsinki and French good clinical practices. 32, 33 In particular, both patients and controls received an explanation of the study and gave written, informed consent after a standardized and structured clinical interview.
Assessment of insight
We assessed insight into illness using the Scale to assess Unawareness of Mental Disorder (SUMD)-shortened version. 12, 34 We focused on the 3 central items of insight 16 involved in the dimension "awareness of mental disorder:" 35 having a mental disorder, the need to take medication and the consequences of the mental disorder. Each of these items is rated on a 3-point scale: 1 = aware, 2 = somewhat aware/somewhat unaware and 3 = severely unaware. The dimension score is obtained by summing the 3 items. 36 Scores range from 3, which indicates the greatest insight (i.e., aware for each subscore) to 9, which indicates the least insight (i.e., severely unaware for each subscore).
To confirm the validity of using 1 dimension of insight, we performed 2 types of analysis. First, a factor analysis using principal component analysis (PCA) and varimax rotation was used to explore the instrument's structure (structural validity) based on the correlation matrix. Principal component analysis is a suitable technique to identify underlying dimensions as it reduces multiple variables into a smaller number of variables that describe the data most efficiently. 37 In our study, the PCA yielded 1 dimension explaining 75.3% of the variance. Moreover, when items are used to form a dimension, they need to have internal consistency. The items should all measure the same thing, so they should be correlated with one another. 38 A useful coefficient for assessing internal consistency is Cronbach α. 39 In our study, the internal reliability (Cronbach α) was at an acceptable level of 0.83 (greater than the results of a previous study 34 ).
Patients were then grouped by preserved insight (score = 3) or impaired insight (score > 3).
Data collection
The following data were collected: 1. Sociodemographic information: sex, age and level of education.
Clinical characteristics: duration of illness and psychotic
symptoms based on the Positive and Negative Syndrome Scale (PANSS). 40 The PANSS was decomposed into 5 factors (positive, negative, hostility-excitation, cognitive and depression factors), which are of specific interest for our study because of their potential link to insight. 41 
Drug information: antidepressants and antipsychotic medication (first-[FGAs] and second-generation antipsychotics [SGAs]
). Cumulative antipsychotic dose was measured by converting the dose of each drug into chlorpromazine equivalents (mg/d), and adding these together (equiv_cmz). 42 
Single photon emission computed tomography protocol
We performed brain SPECT in all participants using the same camera under the same conditions. 43 For patients with schizophrenia, this procedure took place after but on the same day as insight measurement. The participants received an injection of 740 MBq of 99mTc ECD and rested for 1 hour in quiet surroundings with their eyes closed. Single photon emission computed tomography image acquisition was performed using a double-headed rotating γ camera (e.cam; Siemens) equipped with a fan beam collimator. Thirty-two 40-second projections per participant were collected in 128 × 128 format. Tomographic 3-dimensional reconstruction was performed using a filtered back projection algorithm. A voxel × voxel group study was then performed using SPM5 (Wellcome Trust Centre for Neuroimaging) running on MATLAB (Mathworks Inc.) Images were initially converted from the DICOM to the Analyze format using MRIcro (www.mricro.com) and transferred to SPM. Data were then standardized with the Montreal Neurological Institute (MNI) atlas using a 12parameter affine transformation followed by nonlinear transformations and trilinear interpolation. Dimensions of resulting voxels were 2 × 2 × 2 mm. Standardized data were then smoothed with a Gaussian filter (full-width at halfmaximum 12 mm) to blur individual variations in gyral anatomy and to increase signal-to-noise ratio. We performed subgroup analyses using the comparison of the effect of interest with the between-subject variance, which compares the effect of interest with the between-subject variance. We considered age, sex, level of education (elementary v. high school), disease duration and treatment (equiv_cmz; antipsychotic [typical v. atypical]; antidepressants [yes v. no]) to be nuisance variables. We used the "proportional scaling" routine to check for individual variations in global brain perfusion. We obtained the SPM (T) maps at a height threshold voxel-level significance of p < 0.001, uncorrected and a height threshold cluster-level significance of p < 0.05, uncorrected. 44 Normalized perfusion values of significant clusters were then extracted. Finally, MNI coordinates were converted into Talairach coordinates, and brain structures were identified using the Talairach Daemon database (www .talairach .org /daemon .html).
Statistical analysis
First, we determined functional brain abnormalities by comparing the whole group of patients (preserved and impaired insight) with age-and sex-matched controls. The sociodemographic and clinical characteristics, medication information and brain SPECT perfusions were secondarily compared between the 2 patient groups (preserved v. impaired insight) using the Mann-Whitney U test for continuous variables, a χ 2 test or Fisher exact test for categorical variables and the SPM routine for brain imaging. 45 All statistical tests were 2-sided. We considered results to be significant at p < 0.05 (except for brain imaging analysis, see SPECT protocol). Statistical analyses were performed using the SPSS version 17.0 software package (SPSS Inc.).
Results
Patient characteristics
Thirty-one right-handed patients (mean age 32.2 [standard deviation (SD) 10.5] yr, 22 men) participated in this study. We also included 18 healthy, right-handed controls (mean age 32.3 [SD 7.0] yr, 13 men). Table 1 shows the characteristics of the 31 patients included. The mean duration of illness was 11.3 (SD 8.3) years. As expected, disease severity was mild, with a mean total PANSS score of 63.6 (SD 14.9). Second-generation antipsychotics were prescribed to 90.3% and antidepressants to 25.8% of the patients.
In comparison to healthy controls, the whole group of patients exhibited hypoperfusions within bilateral frontotem poral areas, including the bilateral superior and left medial frontal gyrus, bilateral superior temporal sulcus and particularly in the left middle and right superior temporal gyrus (voxel-level significance of p < 0.001, uncorrected; cluster-level significance of p < 0.05, uncorrected; Fig. 1A , Table 2 ). No significant hyperperfusion was found in patients relative to healthy controls.
Comparison of patients with preserved and impaired insight
Among the 31 patients with schizophrenia, 21 patients (67.7%) had preserved insight. Patients with preserved or impaired insight did not differ significantly in sociodemographic (age, sex, level of education), clinical (illness duration, PANSS) or medication data (antipsychotic medication, equiv_cmz, antidepressants; Table 1 ).
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T-score In comparison to patients with impaired insight, those with preserved insight showed significantly increased perfusion in the bilateral precuneus (voxel-level significance of p < 0.001, uncorrected; cluster-level significance of p < 0.05, uncorrected; Fig. 1B , Table 2 ). No additional difference was found in SPECT perfusion between patients with preserved and impaired insight, particularly within frontotemporal areas.
Perfusion values of the bilateral precuneus cluster were extracted and are presented in Figure 2 .
Discussion
This whole-brain voxel-based study specifically investigated the neural substrate underlying preserved insight in patients with schizophrenia. Because impaired insight is associated with schizophrenia severity, we focused on a sample of clinic ally stable outpatients characterized by mild disease severity to increase the proportion of patients in our sample with preserved insight. 7 Our results show that patients with preserved insight exhibit greater precuneus perfusion than patients with impaired insight and similar hypoperfusion of frontotemporal areas to patients with impaired insight. Our findings may help to better understand the functional neural basis of preserved awareness in patients with schizophrenia and contribute to the development of new treatments targeting insight and related follow-up strategies.
Our findings are in support of those from previous studies in patients with schizophrenia that have reported the impairment of a complex neural network 14, 15 linked to unawareness of mental disorder involving the frontal, temporal and parietal brain regions. [18] [19] [20] [21] 46, 47 The relation between frontal regions and insight has been revealed in structural imaging studies. [18] [19] [20] [46] [47] [48] In particular, the dorsolateral prefrontal cortex has been involved in illness unawareness by interfering with self-monitoring and conceptual organization. 46, 48 Previous studies have also reported an association between temporal lobe regions and insight. 15, 21 These areas, more precisely the superior temporal sulcus, have been described in mental processes related to self-awareness and awareness of others. 49, 50 More recently, impairment of the superior temporal sulcus has been implicated in the functional substrate underlying quality of life, 51 which is closely associated to insight in patients with schizophrenia. 52 Located in the medial parietal lobe, the precuneus has been mainly involved in selfconsciousness. 14, 21 In healthy controls, the precuneus is engaged in self-related mental representations: at rest (through the default mode network 53 ) and during tasks about reflection on one's own personality traits and physical appearance 54 or about comparison between self-to non-self representations. 55 The precuneus may be seen as a nodal structure in selfrepresentation, 53, 56 functionally connected to frontal, temporal and other parietal regions. 25, 26, 28, 57 On the whole, these findings suggest that the multidimensional construct of insight relies on the fronto-temporo-parietal network. 14 Our findings may contribute to clarifying the specific role of the precuneus in the neural network underlying preserved insight. Within this fronto-temporo-parietal network, the greater precuneus perfusion in patients with preserved versus impaired insight observed in our study may reflect the solicitation of additional neural resources to accomplish conscious self-representation in patients with frontotemporal impairment. Interestingly, a previous study has reported a correlation between improved insight and fMRI activation of the left medial prefrontal cortex after recovering from an acute episode; 24 this area is involved in the same network as the precuneus. 58 From a cognitive perspective, a recent study has identified memory acquisition as the only significant predictor of knowledge outcome involved in insight. 59 On the other hand, insight, conceptualized as a self-representation, 5 particularly draws on episodic memory in patients with schizophrenia. 60 Moreover, it has been suggested that precuneus perfusion is correlated with linking new information with prior information, with an important role in retrieval of episodic memory. 17 We can thus hypothesize that the precuneus involvement might reflect a better binding ability and retrieval/ reintegration of episodic memory 61 and thereby under lie preserved insight. In addition, the precuneus has also been shown to be activated in emotional functions, especially in the evaluation of emotion in the self and others. 53 In a recent study, the precuneus has been involved in awareness of one's own emotional state by integrating interoceptive information with information about the environmental and contextual situation. 62 On the other hand, decreased emotional awareness has also been associated with attenuation of precuneus activation. 57 These findings could indicate that in patients with preserved insight the precuneus plays an integrative role in the general binding ability of information to generate self-emotional or mental-states evaluations.
Because preserved insight is associated with favourable prognosis and is an important therapeutic goal in patients with schizophrenia, precuneus-mediated cognitive functions should be considered in the treatment and follow-up of patients with impaired insight. Significant gains in insight may result by focusing cognitive remediation on memory training tasks and episodic encoding strategies. Interestingly, Fiszdon and colleagues 63 and Gsottschneider and colleagues 64 showed the effectiveness of such training for improving memory performance in patients with schizophrenia. Moreover, a recent study 60 has shown that improvement of insight and selfawareness in cognitive behaviour therapy is associated with increased precuneus activation during distorted conditions. In the same way, individual psychotherapy could be used to develop metacognitive capacity for self-reflection, especially by seeking to sharpen awareness. 65, 66 On the other hand, repetitive transcranial magnetic stimulation (rTMS) applied to the precuneus in healthy individuals has been found to enhance performance in memory 67 and visuospatial information. 68 Clearly, more research is needed to determine the effects of precuneus rTMS on insight in patients with schizophrenia. Finally, the potential clinical value of brain SPECT deserves further attention to improve the evaluation of insight and to assess the effect of therapy. 69 Limitations Some limitations of this study have to be carefully considered.
First, our homogeneous sample may not be representative of the entire population of patients with schizophrenia. Patients in our study all had paranoid schizophrenia and were middle-aged men with mild disease severity and more than 5 years of illness duration. Confirmation is therefore needed in more diverse and larger groups of patients. Patients with subtypes other than paranoid schizophrenia, particularly those with serious negative or cognitive symptoms, have to be investigated to assess whether involvement of the precuneus in patients with preserved insight can be identified across the full spectrum of subtypes and symptoms of schizophrenia, especially since awareness of different kinds of symptoms may require different kinds of cognitive activities. On the other hand, our study concerned only 1 instrument (SUMD), which is a researcher-rated method of insight assessment. Although SUMD is valid and reliable for assessing insight, 6,70 previous research has established that a moderate correlation exists between researcher-rated and self-report insight scales because each of these instruments may be measuring a different aspect of insight. 71 It would be interesting to know whether our findings can be replicated with other insight instruments. In the same way, our study concerned only 1 central dimension -"awareness of mental disorder" -of the SUMD, as in several previous studies, 16, 19, 72 and other dimensions of insight should be studied. Moreover, the 3 insight items of SUMD could be studied separately to facilitate comparisons with other neuroimaging reports.
Conclusion
Our results show that schizophrenia with preserved insight is associated with an increased perfusion of the precuneus, a brain area involved in self-consciousness compared with impaired insight. This precuneus involvement may be a compensatory mechanism of frontotemporal impairment. This hypothesis, which should be strengthened by further connect ivity studies within the prefrontal-superior temporal sulcus-precuneus network, may have important implications for the development of insight-oriented neuropsychiatric treatment and related follow-up.
